As the Information Source (IS) 
Introduction
The regular function of modern organizations prominently relies on IS due to the increasing importance of information. Hence, it is crucial to evaluate the IS providers comprehensively before people decide to achieve the most reasonable one to meet their practical need from all alternatives.
For instance, a company needs to select one IS as their source access from several providers for business reasons. Although the first party offers specific criteria on which it focuses, it has to balance all ingredients because of the financial state and source restriction as well as the difficulties on acquiring accurate data etc. Therefore, it is a tough task to choose such a perfect candidate that attains best values on all criteria. Consequently, systematic models or approaches covering both goals and constraints seem essential to remove the barriers caused by complicated industrial environment.
Diversified methodologies and models have been studied on IS selection. The current research mainly includes single criterion analysis, scoring/ranking on multiple criteria and group evaluation etc., whereas their shortcomings are still obvious: 1) The simple scoring/ranking method by individual decision maker shows strong subjectivity. 2) More reasonable rules for computing weights are needed rather than experts' assignments.
3) The alternative might be equally far from both the positive and negative ideal solutions in traditional TOPSIS. 4) Inappropriate disposal of linguistic terms with high uncertainty results in remarkable inaccuracy.
The prime contributions of this paper are stated as follows: 1) We increase the number of decision makers to form a group for obtaining the final result by weighted vote after individual decisions, lowering down the risk and bias from single person. 2) We combine the subjective and objective methods to determine the final weights which take into account both personal opinions of decision makers and the info the known data offers. 3) We introduce the chi-square test to calculate the degree of deviation between each alternative and its expect value to wipe off the flaw that some alternative might get equal distances measured in Euclidean Distance (ED) to both the positive and negative ideal solutions. 4) We adopt trapezoidal fuzzy numbers with higher generality instead of triangular fuzzy numbers, as refining the membership function and pairwise comparison matrix to denote the linguistic descriptions more accurately. The rest of the paper is organized as follows: Section 2 introduces the recent related research work in this domain. Section 3 provides some preliminaries about trapezoidal fuzzy numbers and a specific social decision making method. Then the model is proposed through a novel approach particularly described in Section 4, while an illustrative example is given to apply the new fuzzy multi-criteria group decision making model for IS selection in Section 5. After the future work is stated in Section 6, the conclusion is finally discussed in Section 7.
Related Work
Feng Dengguo et al. [1] do a comprehensive survey on the methodologies and models of MultiCriteria Decision Making (MCDM) for Decision Support System (DSS), they concluded that the tendency of development in this area is to get the various models inter-fused to overcome the shortages and reinforce the advantages. Nevertheless an individual decision making always confronts the unilateral blocks, it is essential to extend the original MCDM to MCGDM by adding more experts to minimize the risk and bias caused by single decision. Wu Li et al. [2] generalize Bernardo's method to MCGDM to get the final rankings by aggregating individual ordinal preference to obtain the rankings of alternatives under each criterion in the opinion of the group as well as considering the weights of every criterion. Moreover, since the qualitative data in criteria inevitably increase the complex and uncertainty, the theory of fuzzy set [3] proposed by Zadeh draws researchers' attention because of its capabilities and flexibilities on tackling non-determinacy and low-accuracy due to the inadequate knowledge and wrong definitions. Therefore, Xin Wang et al. [4] combine the triangular fuzzy numbers and Analytic Hierarchy Process (AHP) and apply it into a practical case assessment effectively improving the objectivity. Furthermore, Wu Yeke et al. [5] establish a linear programming model of group preference orders using Fuzzy AHP to resolve the subjective judgment and lower down the uncertainty. Ying Yu et al. [6] present a methodology based on interval-valued AHP and fuzzy TOPSIS based on intervals and fuzzy triangle numbers to handle the inherent vagueness and imprecision associated with the experts' evaluation.
Preliminaries

Trapezoidal Fuzzy Number
A trapezoidal fuzzy number is a special fuzzy set which satisfies
, where the value of x is in the domain of real number set R, while ( ) a a a a    , its membership function [7] is denoted as Equation 1: 
In the elements of the tetrad, a 1 and a 4 are called the lower bound and the upper bound ofÃ respectively with the particular case that a trapezoidal fuzzy number is equivalently referred as a triangular fuzzy number if a 2 =a 3 .
Then the trapezoidal fuzzy number A= (a 1 , a 2 , a 3 , a 4 ) abides by the following computation rules:
In this paper, the authors employ the uniform representation for both qualitative and quantitative numbers by denoting them as the trapezoidal fuzzy numbers. Therefore, take a quantitative number q for example; it could be denoted as (q, q, q, q).
Social Decision Making
A social decision function establishes a mapping from the subset of alternatives to personal preferences by receiving a series of personally ordered preference then outputting a single alternative. The Borda Function is a classic approach for social decision making proposed by Jena Charles de Borda. It is such a ranking vote schema that voters express their preference orders of candidates by voting and the victory belongs to the one with the highest scores accumulated according to the poll ranking in a descent order.
The Weighted Borda Function (WBF) [4] is expressed as:
Where  is the partial relation and 
Model proposed
The global process for information source selection is illustrated in Figure 1 . 
Initialization
Initial Conditions
The global fuzzy multi-criteria decision making process involves d decision makers, m alternatives and n criteria.
Firstly we prepare the following initial data: 
Normalization ASSUMPTION I:
The data values of the same criterion own the same data model or schema with the same representation form.
According to the ASSUMPTION I, all the data of the same criterion should gain the same interpretation as well as be represented in the same format. Furthermore, all the data values of the same criterion from different alternatives we discuss in this paper should be only either qualitative or quantitative simultaneously. And if it meets the latter situation, a uniform measurement unit has to be provided for all factual values on the identical criterion.
In order to eliminate the disturbance by distinct physical measurement units, it is indispensable to finish the normalization for all the data values of the initial matrix~k A before further handling.
For the values on positive criteria (or benefit indicators), we utilize the following Equation 6:
For the values on negative criteria (or cost indicators), we utilize the following Equation 7:
( , , ,
Consequently, a normalized matrix with all trapezoidal fuzzy numbers is achieved: 11 12  1   21  22  2   1  2 , , , 
Individual Decision Making
Weights Determination
How to determine the weight for each criterion has to be considered as accurately as possible. Here we combine a subjective weight assignment method and an objective one to calculate the result of weight synthetically.
Firstly, the typical subjective weight assignment method we choose is AHP [6] . Every decision maker takes advantage of "the 1-to-9 scale strategy by trapezoidal fuzzy numbers" to construct his own comparison matrix and get the subjective weight vector 1 ( , , , , )
for each criterion by computing the eigenvectors of that matrix.
Secondly, we could get the objective weight vector 1 ( , , , , )
on the basis of amounts of objective information provided by each criterion in view of Entropy Weight (EW) [8] .
A Fuzzy Multi-Criteria Group Decision Making Model for Information Source Selection Tian Jing, Yu Dan, Yu Bing, Ma Shilong Thirdly, we integrate the above two methods to make sure that the final result reflect both the empirical judgments and the discrepancy between the objective information and the alternatives. Thus, the objective function is designed by addition combination method on Minimum-Information-Entropy Principle:
And then we work out
Method. Hence, for each decision maker, the weights vector W k and his weighted decision making
Computing relative closeness
, we get a new matrix ( )
where
A
Now that the relation
could easily be proved, the refined RC can be also facilely computed by 
Group Decision Making
As the WBF is used to vote on the rankings from all decision makers, the IS with the highest amount of votes is eventually taken as the best choice.
Numeric example
In this numeric example, the mapping between linguistic terms and their corresponding trapezoidal fuzzy numbers predesigned by experts are displayed in Table 1 [10] . This case involves 3 alternatives, 4 criteria and 5 decision makers. These criteria cover accuracy, flexibility, cost and complaint with a detailed instruction in Table 2 . The related initial information is described in Table 3 . 
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Using a single layer AHP in this scenario, the values of elements in comparison matrix could be assigned referring to Table 4 and Table 5 . 1 (4,17 3,9,9) 
The details in combining weights from AHP and EW are demonstrated in Table 6 . Multiplying the weight vector and the normalized matrix, we regard the VCST between the alternatives and the ideal solutions as the distance to achieve the RC and individual partial order in Table 7 : Finally, we gain the value of WBF for each case as follows: BF w (A 1 )= 46, BF w (A 2 )= 52 and BF w (A 3 )= 22 according to the predefined vote power V= (10, 9, 8, 7, 6) , so the second alternative is considered as the best one.
Future work
Since the decision making is a dynamic process, further studies should focus on users' feedbacks and their influence on next decision, that is, how to establish a suitable strategy to manage the human interactivities.
Conclusion
This paper primarily analyzes the characteristics of IS selection and points out the drawbacks that the current research work holds. To deal with these problems properly, a multi-criteria group decision making model is proposed in detail. This new model is composed of a committee-decision process with more elaborately accurate resolutions on linguistic information, weight determination and relative closeness computation using trapezoidal fuzzy numbers, addition combination of weight assignments and chi-square test respectively. Finally, the illustrative example practically demonstrates the good feasibility and flexibility of the model.
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